; for review, see Sweeney and Hastings, 1960) restricted range of temperatures. Outside this limit, the pora circadian clock, arise through alternative inclock will stop running and freeze at a certain phase from frame initiation of translation. Either form alone sufwhich rhythmicity resumes upon a return to permissive fices for a functional clock at some temperatures, but temperatures, a property well known in the classical both are always necessary for robust rhythmicity.
, expressed 1993). Second, both temperature pulses and temperaas a result of alternative initiation of FRQ translation ture steps can reset the oscillator (Zimmerman et al., from two of three in-frame initiation codons . As there are many examples of eukaryotic 1968; Francis and Sargent, 1979; Edery et al., 1994;  mRNAs using alternative in-frame initiation to produce proteins having different properties (Descombes and Schibler, 1991; Geballe, 1996) , this raises the possibility that the two forms of FRQ may have different functions. frq mRNA contains a very long 5Ј untranslated region (5Ј UTR) ca. 1.5 kb in length with 6 short open reading frames (uORFs) that precede the FRQ ORF. Together, these data suggest that a translational control mechanism could be involved in the regulation of FRQ expression, and this regulation might be important for operation of the clock under certain conditions.
In this study, we have analyzed the function and regulation of the two FRQ forms. We present evidence consistent with a translational control mechanism in which alternative initiation, in direct response to ambient temperature, directs the synthesis of two similar but functionally distinct forms of the clock protein FRQ. High temperature favors the translation of a long form that is required for rhythmicity at temperatures near to the high end of the physiological range. Conversely, low temperature favors the translation of a shorter form required at the low end of the physiological range, temperatures 
Circadian Rhythmicity
There are three methionine codons (AUG) located within This is especially true for pYL34-S transformants for the first 100 codons of the frq ORF: AUG#1 (codon #1), which it is sometimes difficult to locate the center of AUG#2 (codon #11), and AUG#3 (codon #100). As prethe bands. These data indicate that either form of FRQ viously shown, frq mRNA translation can be initiated is capable of supporting rhythmicity at 25ЊC but suggest from at least two of these AUGs to generate two forms that both forms of FRQ may be required to generate of FRQ: FRQ 1-989 and FRQ 100-989 . To normal high amplitude rhythms. identify functional distinctions between the two forms of FRQ, constructs were made that would support the The Physiological Temperature Limits of the translation of only the long form, FRQ 1-989 (pJC101-L), Clock Are Differentially Restricted When only the short form, FRQ 100-989 (pYL34-S and pYL15-S), Only One Form of FRQ Is Expressed or neither form (pYL31-N) ( Figure 1A ; Garceau et al., Having shown that under some growth conditions either 1997). These constructs were targeted to the his-3 locus form of FRQ is sufficient for rhythmicity, we were anxious of frq
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, an frq-null strain (Aronson et al., 1994b) , and the resulting transformants examined for rhythmicity at 25ЊC ( Figure 1B ). Each form of FRQ alone is able to in these strains as compared to wild-type transformants. to know why both forms are necessary. We reasoned 30ЊC ( Figure 2B ). In contrast, JC101-L (⌬ATG#3) displayed a reciprocal defect in which it retained rhyththat this alternative initiation of FRQ plus the existence of the long 5Ј UTR in frq mRNA might suggest that the micity at the high end of the normal physiological temperature range but became arrhythmic at temperatures choice of initiation codon is regulated by a translational control mechanism that could adapt the expression of 20ЊC and below ( Figure 2C ). Although period lengths of the rhythms are difficult to determine in some cases FRQ for operation of the clock under different environmental conditions. For instance, uORF studies in other because of the low amplitude, the temperature compensation of the period does not appear to be affected eukaryotic genes (e.g., GCN4 in yeast or arg-2 in Neurospora) (Hinnebusch, 1996; Luo and Sachs, 1996) have within the temperature range permissive for rhythmicity ( Table 1 ). shown that nutritional regulation can affect translational control; it is known that glucose levels in the medium dictate the level of frq expression (Aronson et al., 1994a) Temperature Determines the Absolute Level of, and Ratio between, the Two FRQ Proteins and that histidine auxotrophy or supplementation can affect period length of the Neurospora clock (Sargent These results clearly indicate that without either form of FRQ, the temperature limit for rhythmicity is significantly and Kaltenborn, 1972) . Alternatively, the Neurospora circadian clock (like other clocks) has physiological temrestricted from one end of the normal temperature range. The distinct symmetry of the results-loss of low perature limits (ca. 15ЊC to 34ЊC) (Francis and Sargent, 1979) . Therefore, to evaluate the biological significance temperature rhythmicity correlated with loss of FRQ and loss of high temperature rhythmicity with loss of of-and the functional distinction between-the two forms of FRQ, we examined the clock under different FRQ 1-989 -prompted us to evaluate the effect of ambient temperature on the normal pattern of expression of the environmental conditions in strains expressing only one of the two forms of FRQ.
FRQ isoforms (Figure 3 ). Samples for analysis in Western blots were collected at the peak of the FRQ expression, Rhythmicity was evaluated on race tubes in YL34-S (⌬ATG#1), JC101-L (⌬ATG#3), and KAJ120 (frq ϩ ) at tem-DD18 (CT8); the two groups of bands (indicated by arrows) correspond to the two forms of FRQ initiated peratures between 18ЊC and 30ЊC (Figures 2 and 3 , Table  1 ) and under different nutritional conditions (data not from two AUGs , and the multiple bands of different mobility within each group are due shown). The data suggest that the two forms of FRQ play no apparent role in nutritional effects on the clock to different phosphorylation stages of FRQ (Garceau et al., 1997) . As shown in Figure 3A , temperature clearly but are of central importance in defining the physiological temperature limits for rhythmicity. In control experidictates the expression profile of the FRQ isoforms: although both forms of FRQ are present at all temperaments (Figure 2A ), KAJ120 showed clear rhythmicity at all temperatures tested, although the amplitude of the tures examined, the ratio of FRQ 1-989 /FRQ 100-989 increases as the temperature increases ( Figure 3C ). While at low rhythm became reduced at both temperature extremes. In a similar manner, YL34-S retained rhythmicity at the temperature (18ЊC) the amount of FRQ 100-989 is similar to or slightly more than that of FRQ , at any warmer lower temperatures (albeit with the characteristic lower amplitude), but surprisingly, the rhythm deteriorated at temperatures full-length FRQ becomes the clearly dominant form. In addition to changing this ratio, the overall 27ЊC and cultures became completely arrhythmic at level of FRQ also increased about 4ϫ from 18ЊC to 29ЊC ( Figures 3A and 3C ), largely owing to enhanced translation of full-length FRQ ( Figure 3C ). In contrast to the over which the clock will keep time. We noted, however, that the quality of the rhythms of YL34-S and JC101-L are inferior to those observed in wild-type strains. This expression profile at different temperatures in these and in additional mutant strains ( Figure 4A ). As expected, suggests that an optimal clock may still require both FRQ forms to act together at all temperatures. Alternathe form of FRQ expressed depends on which AUG is present, and otherwise the total amount of FRQ intively, the deterioration of rhythmicity associated with loss of one of the FRQ forms may simply reflect quantitacreases as the temperature increases. However, the slope of the increase is different for the two forms: the tive rather than qualitative requirements; i.e., perhaps more FRQ is needed at higher temperatures, and the increase of FRQ 100-989 (YL34-S) with temperature is much slower than that of FRQ 1-989 (JC101-L) as predicted observed temperature-dependent translation-initiation mechanism evolved simply as a response to this need.
based on the profiles of the two forms in wild-type frq.
The data are thus consistent with an overall increase in To evaluate these alternatives, we examined the FRQ the amount of translation with temperature, but with a ribosome-scanning mechanism determining the choice of AUG such that as the temperature decreases, the first AUG is missed more often (see Discussion). To evaluate this, FRQ expression and overt rhythmicity were monitored in strain YL15-S, which bears an extended deletion covering much of the frq 5Ј UTR and extending into the ORF past the first and second AUG. As expected, this strain makes only FRQ 100-989 and, consistent with a ribosome-scanning mechanism, FRQ is made at a level comparable to that seen in frq ϩ . Thus, in quantitative terms, the total amount of FRQ in JC101-L and YL34-S is less than that in frq ϩ , especially at high temperature for YL34-S and at low temperature for JC101-L. This suggests that the loss of rhythmicity in these two strains at temperature extremes may indeed be due to insufficient FRQ expression, and the low level of FRQ in YL34-S at all temperatures may explain the very low amplitude of its rhythm even at permissive temperatures. Consistent with a quantitative requirement for FRQ, YL15-S produces a total level of FRQ at all temperatures comparable to that seen in wild type and is capable of at least rudimentary rhythmicity at all tempera- threshold amount is higher at higher temperatures. A model postulating the requirement of a simple temWe therefore compared the stability of the two forms perature-dependent threshold level of required FRQ of FRQ at different temperatures. Strains were used that cannot account for all of the data, however. First, the produce only the large (JC101-L) or the small (YL15-S) amount of FRQ 1-989 in JC101-L is comparable to that of forms of FRQ. FRQ is processively phosphorylated (sig-FRQ 100-989 in YL34-S at 18ЊC ( Figure 4A) , and yet JC101-L naled by a shift to slower mobility) and eventually deis arrhythmic at that temperature, whereas YL34-S is graded in its most phosphorylated form at the end of rhythmic. This suggests that FRQ 100-989 is qualitatively the night. These and other data suggest that such phosdifferent and may function better than FRQ 1-989 at low phorylation could be a factor in influencing the rate of temperature. Similarly, although YL15-S produces total turnover of FRQ . If so, in these levels of FRQ (but only FRQ ) comparable to wild experiments the instantaneous rate of turnover might type and is capable of rhythmicity at all temperatures be changing with time, so that the distinctions between tested, the rhythm is generally of a lower amplitude than stabilities of the forms of FRQ that we would like to that seen in wild type, especially at 30ЊC (Figures 2 and measure could be lost. To eliminate this uncertainty 4B), which suggests that the short FRQ form does not associated with changing phosphorylation of FRQ, we function well at high temperature. The poor quality of performed the experiment in constant light, where the the rhythm in JC101-L at 30ЊC also suggests that long level of FRQ is high and it is both highly and stably FRQ form alone cannot fully accomplish the job. These phosphorylated (N. Y. G. et al., unpublished data). De data indicate qualitative differences between the two novo synthesis of FRQ was suspended by the addition forms of FRQ and establish that an optimally adjusted of 10 g/ml cycloheximide to the culture (sufficient to circadian clock will require both forms.
inhibit greater than 95% of the protein synthesis in Neurospora) (Dunlap and Feldman, 1988) . Following the addition of the drug, the cycle of phosphorylation continThermal Regulation of FRQ Isoform Production Is Controlled by Translational Initiation ues, and the amount of either form of FRQ decreases at a rate primarily reflecting only the temperature and The results presented in Figures 3 and 4 indicate that the ratio of FRQ 1-989 /FRQ 100-989 increases with temperanot the form of FRQ ( Figure 5 , compare YL15-S at 18ЊC to JC101-L at 18ЊC and YL15-S at 30ЊC to JC101-L at ture, but our assertion that this change reflects choice of translational initiation site is subject to the caveat 30ЊC). This result is consistent with our previous data describing FRQ levels as a function of temperature (Figthat we have examined only total FRQ levels. Similar data could also arise as a result of distinctly different ures 3 and 4) and confirms that the differences we have seen in the amount of FRQ 1-989 versus FRQ 100-989 reflect rates of turnover for the two FRQ forms if, for instance, the larger FRQ was more stable at higher temperatures differences in translation initiation rather than protein stability. This modulation of FRQ levels by temperature and the smaller FRQ more stable at low temperatures.
Discussion
The frq gene encodes central components of the Neurospora circadian oscillator, producing transcripts that yield two forms of the FRQ protein as the result of alternative initiation of translation . Either form alone is sufficient to complete a functional clock at some temperatures, but under other less permissive conditions strains lacking one form are arrhythmic, and furthermore, under all conditions such clocks never appear as robust as wild type. Temperature regulates the ratio of the two FRQ forms by favoring different initiation codons at different temperatures, and when either of the initiation codons is eliminated, the temperature range permissible for rhythmicity is clearly reduced. This temperature-influenced choice of translation-initia- under constant light shows that AUG#2 is only rarely used even in the absence of AUG#1 and is never used when AUG#1 is intact.
Temperature and Circadian Oscillators
Three YL47 transformants and five YL48 transformants are shown.
In addition to light, temperature is the other major environmental factor known universally to influence all circadian oscillators. Three facets of circadian temperature must be mediated by a factor(s) that is sensitive to small responses have been described physiologically-temchanges in the ambient temperature and that acts to perature limits for rhythmicity, temperature resetting, influence the choice of FRQ initiation codons.
and temperature compensation-and insights into all three are explicit or implicit in the data presented here.
AUG#2 Is Not Used to Initiate FRQ Expression
The least understood aspect of circadian temperature under Normal Conditions influences, and the one for which these data potentially Although the sequence data show that FRQ AUG#2 lies provide the greatest insight, is the mechanism through in a very poor translation-initiation context, it could still which the temperature limits permissive for clock funcbe used. To clarify this, two constructs were made: tion are established. Although variously described under pYL47, which has a 1 nt mutation to eliminate AUG#1, different names ("secondary arrhythmicity" [Zimmerman and pYL48 bearing a 1 nt deletion between AUG#1 and et al., 1968] or "holding" [Pittendrigh, 1974] in Drosoph-AUG#2, placing AUG#1 out of frame with the FRQ ORF ila, "conditional arrhythmicity" in Gonyaulax [Njus et al., (Figure 6A) . Both constructs were introduced into frq 10 , 1977], "stopping" in Neurospora [Francis and Sargent, and the FRQ expression profile of the transformants was 1979]), the phenomenon is well characterized in the clasexamined under constant light (LL) ( Figure 6B ). In pYL48 sical circadian literature beginning as early as 1934 (Kaltransformants, no FRQ initiated from AUG#2 was demus, 1934 ) (reviewed in Sweeney and Hastings, 1960 ; tected, suggesting that AUG#2 is not used under normal Bü nning, 1973) and continuing into the modern era (Martranslation conditions. In pYL47 transformants, howtino-Catt and Ort, 1992). Based on the work reported ever, while most FRQ is initiated from AUG#3, a small here, this mechanism can be now be understood in amount of FRQ initiated from AUG#2 can be seen (Figure terms of (i) the existence of a minimum required thresh-6B), suggesting that AUG#2 can be used very ineffiold concentration for one or more of the central clock ciently when AUG#1 is not there. In addition, the level components such as FRQ, a level that increases with of FRQ in pYL47 transformants is much higher than that increasing temperature, and (ii) an adaptive mechanism of pYL48 transformants. These data and those in Figure  whereby levels sufficient to achieve that threshold (but 4 are consistent with use of a ribosome-scanning mechnot too high) can be maintained over a wide range of anism for choice of FRQ initiation site, in which ribotemperatures. In Neurospora, the existence of this minisomes scan beginning upstream of AUG#1 and the ribomum level can be seen by comparing Figure 2 , where somes that miss AUG#1 will then continue downstream insufficient expression of FRQ 100-989 in YL34-S at high to initiate from AUG#3. If this is the case, ambient temtemperatures results in arrhythmicity, with Figure 4B , perature must then influence the efficiency of ribosome where the loss of rhythmicity is reversed by increased initiation from AUG#1 in order to regulate choices of expression of the same FRQ 100-989 protein in YL15-S. The AUGs: as temperature decreases, more ribosomes will adaptive mechanism that maintains the required threshold of FRQ across a wide temperature range involves miss AUG#1.
temperature-dependent choice of translation-initiation the location and properties of human fibroblast growth factor 2 (Vagner et al., 1995) and dictates whether transites combined with the naturally increased rate of proscriptional-activator or -inhibitor proteins are made from tein synthesis at higher temperatures. While other orthe same transcript in liver (Descombes and Schibler, ganisms may have evolved different adaptive mecha-1991). For FRQ, the answer to the above question has nisms, this general rule-temperature limits for rhythmicity both quantitative and qualitative aspects. are defined by the mechanism used to achieve minimum Quantitatively, a temperature-dependent threshold levels of a central clock component-may be similar in amount of FRQ appears required to complete the feedmany circadian systems.
back cycle that constitutes the clock. At 18ЊC and 20ЊC, Another universal aspect of circadian temperature reinsufficient FRQ (full-length) is made in JC101-L to supsponses illuminated by these data is temperatureport a rhythm, but because of the steep change in the induced resetting of the oscillator. In all circadian clocks, amount of full-length FRQ with temperature, at 25ЊC temperature steps will reset the clock, and temperature and 30ЊC the clock functions with only full-length FRQ cycles with amplitudes of as little as 2ЊC are sufficient (Figures 2 and 4) . Conversely, at elevated temperatures to entrain the rhythm (Francis and Sargent, 1979) . As in YL34-S the rhythm deteriorates because insufficient shown by Figures 3 and 4 , FRQ levels increase dramati-FRQ (FRQ 100-989 ) is made (Figure 2) , and yet when translacally with temperature, a response qualitatively similar tional controls are eliminated to allow increased translato that seen with frq transcript (Crosthwaite et al., 1995) tion of this same protein in YL15-S, rhythmicity is reand FRQ (N. Y. G. et al., unpublished data) following light stored ( Figure 4B ). This conclusion is consistent with signals sufficient to reset the clock. Although presently data reported elsewhere (Merrow et al., 1997) showing nothing is known about the kinetics of this temperature that at least 10 molecules of FRQ per nucleus are needed response with respect to the kinetics of resetting, these at 25ЊC to complete the negative feedback of FRQ on data do suggest that temperature may entrain circadian the amount of its transcript. Recent genetic data also oscillators by acting to change the level of a central support this conclusion: a novel frq allele, frq
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, identified component of the clock such as FRQ.
in a screen for mutations resulting in loss of rhythmicity Temperature compensation is a third fundamental asat 30ЊC (Nakashima and Onai, 1996) , is due to a 4 nt pect of circadian temperature responses (Pittendrigh, insertion between the AUG#2 and AUG#3. This makes 1993) to which the present data speak. A variety of the FRQ translational context similar to that of the models have been proposed to explain compensation YL34-S, and its circadian phenotype (loss of rhythm at (e.g., Hastings and Sweeney, 1957; Njus et al., 1974;  high temperature) is just what would be expected based Huang et al., 1995), none firmly supported by the data on the phenotype of YL34-S (Figure 2 ). It is not immedi-(reviewed in , but an amplitude model ately clear why production of a single form of FRQ could (Lakin-Thomas et al., 1991) may be of interest in the not be regulated so as to produce amounts sufficient present context. This model posits that the amplitude for the rhythm at all temperatures, although part of the of the oscillator (the size of the limit cycle describing answer may be that too much FRQ is as bad as too the oscillation) increases with temperature, as does the little and that normal temperature controls on translation linear velocity around the cycle, so that the overall cycle would not allow a dynamic range sufficient for the relength remains temperature compensated. Although an quired FRQ production at all temperatures. actual increase in the amplitude of the oscillator, or of
The case for qualitative differences in the two FRQ a state variable of an oscillator, with temperature has forms is also strong; the data clearly show that while never been shown, we found the level of FRQ at the either form of FRQ can support a functional clock at peak of the FRQ oscillation to increase with temperature intermediate temperatures, specific forms appear nec- (Figures 3 and 4) . This would be consistent with the essary for wild-type rhythmic control at physiological temperature-dependent increase in the amplitude of the temperature extremes. For instance, at 18ЊC the FRQ oscillation predicted by the model. More generally, howlevels in YL34-S and JC101-L are similar (Figure 4 ), but ever, whether or not the details of any model are sup-JC101-L is arrhythmic while YL34-S is rhythmic. ported, one thing is clear: temperature compensation A final rationale for the requirement for multiple FRQ in Neurospora is not achieved by maintaining a constant forms could reflect requirements for circadian output as level of oscillator state variables but rather by a dynamic distinct from assembly of the oscillator. Some compoprocess that incorporates a substantial temperaturenent(s) of the clock must serve not only in executing the dependent change in the natural level of the state varifeedback loop comprising the clock but also in initiating ables. In this view, mutations that alter the stability of output pathways from the clock. It may be that FRQ a clock component or that interfere with interactions also plays a direct role in output and that a part of the that influence the stability of a component (such as per L deterioration in the overt rhythm we see in strains having in Drosophila; Huang et al., 1995) In eukaryotic cells, choice of mRNA-translation start forms of the protein so produced may have cooperative, sites is generally thought to be controlled by a riboalternative, or even opposing effects (reviewed in Gebsomal-scanning mechanism (Kozak, 1992)-the 40S ribosomal subunit first binds the mRNA 5Ј cap structure alle, 1996). For instance, alternative initiation determines and scans along the mRNA in a 5Ј to 3Ј direction, becoming associated with eIF2.GTP.Met-tRNAi in a ternary complex competent to recognize the initiation codon. Upon encountering the first initiation codon in a favorable context, the 60S subunit joins the scanning complex to form the 80S ribosome and to initiate protein synthesis (Hinnebusch, 1996; Jackson, 1996) . Data from a variety of systems suggest that regulation of translation is chiefly at the level of initiation, although transacting factors and cis-acting elements (the secondary structure of mRNA, the sequence context around the initiation codon, internal ribosome entry sites, and short The straight line and arrow on the left signify the frq promoter, and (Jackson, 1996) . In control of GCN4, for example, phosthe wavy line signifies the frq transcript, the thicker portion of which phorylation of eIF2 is influenced by availability of amino represents the position of the long ORF encoding both forms of acids, which determines whether initiation occurs at a FRQ. 40S ribosomal subunits bind to the transcript upstream of AUG#1 and scan down, forming active ternary complexes with uORF or at the GCN4 ORF and thereby sets the amount charged eIF2 and active 80S ribosomes upon encountering an AUG of GCN4 made (Hinnebusch, 1996) temperature-dependent change in the amount of a clock in the cell. Both aspects of regulation appear to be element rather than being a homeostatic mechanism mediated by temperature-dependent effects on the that holds the level of FRQ constant over a range of choice of AUG, regulation that may derive from interactemperatures. Along with previous work describing the tions between the 40S ternary initiation complex, potenmechanism for light-induced resetting of this circadian tial cis-acting elements in the transcript, the 6 uORFs clock (Crosthwaite et al., 1995) , this study provides a in the 1.5 kb 5Ј UTR of the frq mRNA (the last of which view of the interface of a circadian system with its enviends just 37 nt from FRQ AUG#1), and the 2 in-frame ronment, a view where the Neurospora circadian clock initiation codons used to make FRQ. The data are concan be seen as a well-balanced dynamic apparatus that sistent with the possibility that alternative initiation of is sensitive to environmental signals while remaining FRQ is due to a leaky scanning mechanism: inactive robust, compensated, and well tuned in their absence. 40S ribosomes might enter the frq mRNA upstream of AUG#1 by either 5Ј cap-dependent or -independent (Aronson et al., 1994b) were cultured as the active ternary initiation complex forms upstream of described previously (Aronson et al., 1994a; Crosthwaite et al., AUG#1 (Figure 7 ). In this model, at higher temperatures 1995). All samples for protein extraction were harvested at CT8, the peak of FRQ expression, unless specified. When used, cyclohexiactive 40S ribosome ternary complexes form rapidly and mide was added to cultures to reach final concentration of 10 g/ initiate FRQ translation at AUG#1. In contrast, at low ml after the cultures were grown in constant light at 18ЊC or 30ЊC
temperature the ribosomes require a longer scanning for at least 18 hr. All the harvested cultures were quick frozen in distance to bind to the eIF2.GTP.Met-tRNA i complex, liquid nitrogen and stored in Ϫ80ЊC until protein extraction.
so that more ribosomes fail to initiate at AUG#1 and Race tube assay medium contains 1ϫ Vogel's, 0.1% glucose, instead initiate at AUG#3. This scenario could accom-0.17% arginine, and 50 ng/ml biotin. Densitometric analyses of race modate the regulation seen here but would not preclude tubes and calculations of period length and phase of the rhythm were done using the Chrono II version 9.3 (Dr. Till Roenneberg, the existence of temperature-sensitive cis-acting eleLudwigs-Maximillian University, Munich).
ments within the 5Ј UTR of FRQ. Temperature is one of the most pervasive clockPlasmids and Neurospora Transformation affecting agents known. We have determined that the pKAJ120, which contains the whole frq locus and his-3 targeting amount and ratio of FRQ forms in the cell are a direct sequence, was the parental plasmid for all other frq constructs reflection of the ambient temperature. The existence (Aronson et al., 1994b) . The construction of pYL15-S, YL31-N, and pJC101-L was described elsewhere . In brief, and regulation of the two forms of FRQ begin to provide pYL15-S has a DraIII-SphI deletion in pKAJ120 deleting AUG#1, an explanation for how the physiological temperature AUG#2, and a large portion of the 5Ј UTR. pJC101-L has a point limits permissive for rhythmicity are established and for mutation (AUG to GAU) at AUG#3. pYL34-S has a 4 nt deletion at how abrupt temperature changes might reset the clock.
the SphI site, eliminating AUG#2 and leaving AUG#3 as the only Furthermore, they demonstrate that temperature cominitiation codon for FRQ. Although AUG#1 is still available, its transpensation of circadian period length at least in this syslational product is short and out of frame from the FRQ ORF. pYL31-N combines the mutations of pJC101-L and pYL34-S. pYL47 and tem is a dynamic process that embraces a substantial
